Abstract Central venous access is increasingly becoming the domain of the radiologist, both in terms of the insertion of central venous catheters (CVCs) and in the subsequent management of these lines. This article seeks to provide an overview of the CVC types available for paediatric patients and a more detailed explanation of the spectrum of complications that may lead to catheter malfunction. A standard catheter contrast study or 'linogram' technique is described. The normal appearances of such a study and a detailed pictorial review of abnormal catheter studies are provided, together with a brief overview of how information from catheter investigations can guide the management of catheter complications.
Introduction
Central venous access forms a vital part of the management of many paediatric conditions. For many years, tunnelled central venous catheters were largely reserved for patients on chemotherapy regimens or long-term total parenteral nutrition (TPN), but more recently, reliable central venous access has proved central to the management of an extensive range of conditions such as those requiring long-term antibiotic therapy, chemotherapy or haemodialysis. The emergence of image-guided vascular access techniques has brought central venous access increasingly into the domain of interventional radiology (IR), with perceived advantages of shorter operating times, an increased likelihood of achieving access in difficult cases, fewer procedural complications, lower operating costs, and a probable improvement in longterm venous patency rates [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . This shift from general surgery to radiology has, however, brought with it an increased demand on radiology departments to maintain and manage indwelling central venous catheters (CVCs). In children, meticulous attention to catheter position is vital to ensure that CVCs are kept functioning for as long as possible in order to minimize the number of catheter replacements a child may have to undergo. In some practices, malfunctioning catheters are removed and replaced without investigation; in other centres, including our institution, it is recognized that there are a number of interventions available to salvage blocked or displaced catheters, allowing alternative access sites to be preserved for future use. Plain radiographs and fluoroscopic contrast examinations are central to the radiological investigation of malfunctioning catheters [11, 12] . Many radiologists, however, may be perplexed by the increasingly wide variety of venous access devices available and unaware of some of the potential CVC-related complications that develop in children or the catheter-salvage techniques available.
This article gives a brief overview of the central venous access devices available and the potential causes of catheter malfunction. A standard catheter contrast study or 'linogram' technique is described. The normal appearances of such a study and a detailed pictorial review of abnormal catheter studies are provided, together with a brief overview of how information from catheter investigations can guide the management of catheter complications.
Background
Central venous access is required for the safe delivery of a number of drugs and other intravenous therapies into largecalibre vessels, to allow adequate dilution of the drug and avoid vessel irritation. Here the term 'central' is taken to encompass the brachiocephalic veins, the superior vena cava (SVC), the suprahepatic inferior vena cava (IVC) and the right atrium (RA). A centrally placed catheter with a reasonable-size lumen also allows regular noninvasive blood sampling, which has significant benefits for both the clinical team and the patient.
There is much debate surrounding the issue of the ideal CVC tip position and a detailed presentation of this argument is beyond the remit of this article. Suffice to say that the argument that a catheter tip position at the level of the RA is unsafe due to the risk of myocardial perforation and subsequent tamponade is increasingly unsupported in modern practice with the advent of softer catheter tips, with the probable exception of 2F catheters, traditionally inserted by the cot-side as neonatal long lines, which have a slightly stiffer tip. There is much in the literature regarding cardiac perforation by 2F neonatal long lines in low-birth-weight infants and it seems generally accepted that these catheters are safer when positioned outside the pericardial reflections [13] [14] [15] [16] [17] [18] [19] [20] . This paper, however, deals specifically with radiologically or surgically inserted Silastic (silicone elastomer) catheters of 4F calibre and above. It is now recognized that these larger-calibre catheters are significantly less likely to develop tip thrombus or a fibrin sheath when left to move freely within fast-flowing blood at the level of the right atrium and are likely to function for a significantly longer period of time in this position [8, [21] [22] [23] [24] [25] . The position of the RA is best estimated at a level 1.5 vertebral bodies below the carina on a chest radiograph [26, 27] . It is worth remembering, however, that the position of a catheter tip will vary widely with patient positioning, particularly in children, and should be evaluated with caution on any image [8, 22, [28] [29] [30] .
Catheter types
There is a vast array of central venous access devices available for paediatric use; particular devices may be preferred in different centres. In general, however, catheter subtypes can be defined according to their site of insertion, whether they are placed via a subcutaneous tunnel or, with particular reference to haemodialysis catheters, according to function. To achieve a central tip position, a catheter can be inserted using a tunnelled or a nontunnelled technique. Tunnelled devices are usually inserted via access to a neck vein and are tunnelled to that site through the adjacent subcutaneous tissues, exiting the skin at an appropriate position on the chest wall. The tunnelled, extravascular portion of the catheter is considered to provide a barrier to ascending infection and with time will adhere to the subcutaneous tissues, decreasing the likelihood of catheter displacement. This adherence is encouraged by the presence of a short Dacron cuff attached to the catheter, which causes a focal region of fibrosis or ingrowth in the track and thus provides further anchorage for the catheter (Fig. 1) . Insertion of such catheters almost always requires general anaesthesia in children to allow safe venous puncture. The vein puncture itself can be performed using a percutaneous, US-guided technique or a surgical open venotomy. Removal of a cuffed catheter that has been in situ for longer than a week or so generally also requires a general anaesthetic in children, as removal or dissection of the cuff can be traumatic. Hence, tunnelled CVCs are best suited for medium-to long-term venous access requirements such as chemotherapy and TPN regimens. Tunnelled catheters range in calibre from 2.7F to 12F and have a single or double lumen. Haemodialysis catheters are very similar to other double-lumen catheter devices. The lumens are generally of a larger calibre, however, to allow high flow rates for efficient dialysis and the end holes or tips may be staggered (Fig. 2) .
An alternative to a traditional tunnelled CVC is a totally implanted CVC or implanted venous access device (iVAD), commonly known as a portacath. This comprises a reservoir attached to a standard Silastic catheter (Fig. 3) . The catheter is inserted using a standard tunnelled catheter technique. The reservoir is buried within the subcutaneous tissues of the chest wall, so that the device is completely implanted. When required, the reservoir is accessed percutaneously via a specialised noncoring needle. The reservoir can be accessed up to 1,000 times before replacement is needed. Such buried devices have a lower infection rate than externalized catheters and allow greater freedom for social activities such as swimming, but require patients to undergo Nontunnelled CVCs are placed directly into a vein via a skin incision overlying the vein and are simply sutured to the adjacent skin (Fig. 4) . Access sites include the neck and the extremities. Nontunnelled neck lines are commonly placed for complex anaesthesia cases or in the intensive care setting. The neck veins can also be used for short-term dialysis catheters in patients who do not require a longerterm tunnelled device. For longer-term indications for a nontunnelled line, operators usually prefer to access venous sites in the extremities. Small-calibre (4-5F) peripherally inserted central catheters (PICCs) are usually placed via the veins of the upper arm (Fig. 5 ). In a cooperative child they can often be placed via a peripheral venous cannula, without sedation or general anaesthesia, and are most useful for providing reliable access for medium-term therapies in children. The catheter is advanced to the level of the central vessels using fluoroscopic guidance in the radiology department or a non-image-guided 'best-estimate' technique at the bedside. These catheters provide reliable venous access for indications such as extended antibiotic treatment in patients with osteomyelitis or infected neurosurgical shunts and for repeated blood-sampling in needlephobic patients, or children in whom peripheral access is becoming technically difficult. PICCs are also increasingly used for longer-term therapies such as chemotherapy, pulmonary hypertension and TPN, and can function for a year or more. Single-lumen peripherally inserted CVCs or PICCs are commonly 4F in calibre; this allows more reliable function than the 2F neonatal long lines, particularly for blood sampling (aspiration via a catheter requires a faster flow rate in the vessel being sampled, and is therefore more sensitive to lumen calibre when compared with infusion through the same catheter). Double-lumen 5F catheters are also widely used, although each lumen is small and hence these catheters, although useful for multidrug therapies, are less reliable for blood sampling. Some types of PICC are now approved for CT contrast medium infusions via a pump injector.
Strategies in managing catheter malfunction
CVC malfunction can be approached by the clinical team and the radiologist in a number of ways. In some centres a policy of removing all malfunctioning catheters without investigating the cause of the malfunction is maintained. In most institutions, however, protocols are available for attempted thrombolysis of blocked catheters and in some units revision of displaced or incorrectly positioned lines is attempted. In our opinion, an attempt should always be made to diagnose the cause of a malfunctioning catheter, with the aim of possible catheter salvage and, therefore, a potential reduction in the number of both repeated anaesthesia and venous access attempts that a patient may have to undergo. An institutional policy regarding the management of malfunctioning CVCs is helpful and should be made with the facilities of that institution in mind. In particular, contrast studies involving radiation exposure should only be undertaken if the results of the study would alter the subsequent management of the line. In general, an IR department is more likely to be able to offer salvage procedures than a surgically managed service, due to differences in both the imaging and interventional techniques available within each speciality [3, 10, 31] .
Initial examination of the catheter
It is important to examine both the catheter and its skin exit site prior to performing any radiographic investigation, so that a simple cause of catheter malfunction, such as a break in the catheter itself or wear at the clamp site, can be established. It is not uncommon to find that the skin suture of a newly placed catheter is too tight and is restricting flow.
Fluoroscopic or plain radiographic views
Plain radiographic views of the catheter should be acquired prior to any contrast-enhanced study. These can be acquired as a chest radiograph or by using low-dose fluoroscopy at the time of a planned contrast investigation. This allows misplaced catheters (Fig. 6 ) and catheters of an incorrect length to be identified (Fig. 7) . The entire catheter must be imaged. Studies limited to the intravascular portion of the catheter will frequently miss abnormalities such as kinking of the catheter within the skin, a finding that is particularly common with portacaths ( Fig. 8) , and looping or twisting of a catheter in the neck (Fig. 9) . More than one view may be required to confirm a kink in the catheter of a portacath; angulation of the catheter most commonly occurs at the origin of the subcutaneous tunnel, adjacent to the reservoir (Fig. 10) . Occasionally, a portacath reservoir can become detached from its catheter, and children who are compulsive 'port fiddlers' can encourage a catheter to loop around the port chamber so that over time the intravascular portion is shortened. A catheter may be accidentally pulled back or may migrate backwards into the soft tissues of the neck, so that the tip lies outside the vein entirely. This second complication seems to occur most commonly in chubby infants with redundant tissue in the neck (Fig. 11) . Despite accurate initial placement, catheter tips can flick into an Fig. 6 Misplaced catheter. a Fluoroscopic image of a 10-month-old male with a portacath in situ, the tip of which has been placed into the coronary sinus. b The position of the tip is confirmed by a contrast medium study incorrect position with changes in posture or intrathoracic pressure; this occurs more commonly with catheter tips placed at the level of the SVC rather than the RA. The commonest site for a catheter tip to migrate to is the ipsilateral internal jugular vein or the contralateral brachiocephalic vein (Fig. 12) . Observing the catheter tip during fluoroscopic screening, even before injecting contrast medium, allows the operator to determine whether the tip is moving freely or is wedged against a vessel or chamber wall. Exaggerated movement of the catheter when in an intracardiac position is strongly suggestive of malposition of the catheter tip within the right ventricle; most operators would agree that such a line should be shortened or replaced in such a situation, even if the child is asymptomatic, due to the risk of catheter-induced arrhythmias. Fluoroscopic screening should be performed using a low pulse rate (three pulses per second) and where available, the image-grab facility should be used to minimize radiation exposure.
Performing a contrast study
If the initial examination of the line is unremarkable, a contrast-enhanced study ('linogram') should be performed. The catheter should be accessed using a sterile technique and, where possible, any heparin solution dwelling in the line should be aspirated and discarded. Inability to aspirate from the catheter should be documented, as this narrows the list of potential causes of catheter malfunction, as discussed below. If only one lumen of a multilumen catheter is malfunctioning, imaging should first be performed through the functioning lumen as this may demonstrate the underlying problem and obviate the need for access of the second lumen. Water-soluble nonionic contrast medium should be used and the operator should aim to minimize the dose of contrast medium that the child receives.
The initial contrast medium injection should be performed slowly while the entire catheter is screened so that complications anywhere along the length of the line are readily identified (Fig. 13) . The operator should look for signs of pooling of contrast medium in the soft tissues surrounding the catheter. Extravasation and pooling of contrast medium in the neck are usually painful; a slow gentle injection will minimize both the patient's discomfort and the risk of loss of the child's confidence in the operator. When examining a malfunctioning portacath device, tangential and en face views of the port reservoir should be obtained, to ensure that it fills uniformly and does not Fig. 7 A chest radiograph in a 13-month-old male with a permanent haemodialysis catheter, the tip of which lies at or beyond the level of the tricuspid valve causing intermittently poor flow rates Fig. 8 Kinking of the catheter. a Chest radiograph of a 6-year-old male with a portacath in situ. The catheter is kinked just beyond the reservoir (arrow). b Fluoroscopic image of a femoral temporary dialysis catheter in a 15-year-old male. The catheter is kinked at the vessel entry site, causing poor flow rates contain thrombus (Fig. 14) . If the initial slow injection of contrast medium appears normal, a controlled but forceful hand injection should then be performed to study in more detail the flow of contrast medium away from the catheter tip. Digital subtraction angiography (DSA) should be used during image acquisition where possible, to achieve a diagnostic study with one injection, minimizing both contrast agent and radiation dose. Cooperative patients should be encouraged to breath-hold. If the study is performed in an imaging suite without DSA capability, screening should be focused on the catheter tip and the fluoroscopic pulse rate may have to be increased to either 15 pulses per second or 'continuous' screening to obtain adequate images. Diagnostic imaging of the contrast medium jet is hardest in small patients with rapid breathing and significant cardiac motion.
The contrast medium jet should be of the same diameter as the lumen of the catheter and should exit the catheter in a linear forward direction, rapidly moving away from the catheter tip rather than pooling at the tip. The jet should fan out appropriately to fill the lumen of the vessel or chamber (Fig. 15) . The operator should be aware of the configuration of the catheter, so that a catheter with a side hole, such as the Groshong PICC (Bard Access Systems, Salt Lake City, Utah) is not misinterpreted as a fractured or partially occluded line (Fig. 16) .
It is important to remember to study both lumens of a double-lumen catheter if injection of the first lumen is normal. In patients with intermittent catheter malfunction, attempts should be made to recreate the situation in which problems occur; often, catheter function is position-dependent and placing the child in the troublesome position may demonstrate the cause of catheter malfunction. This may include a significant change in tip position following a change in posture or intermittent occlusion of the catheter lumen at the level of the clavicle due to catheter compression between the clavicle and the first rib ('pinch-off' syndrome).
If the child presents with symptoms of venous occlusion, such as localized pain and swelling over the venous access site or sudden swelling of the face or extremity, a formal venogram via a peripheral cannula can be performed to determine the presence of catheter-related venous thrombosis (see below). Once the study is completed, the catheter should always be flushed and, where required, 'locked' with heparin solution of an appropriate concentration. This should be documented in the clinical notes as part of the examination. If the catheter is deemed unsafe for use, this too should be clearly documented.
Interpreting an abnormal contrast study
Once contrast medium has been instilled, a careful examination of the entire length of the catheter should be performed. Abnormal findings may be subtle, such as narrowing of the lumen at the site of the skin suture or clamp (Fig. 17) . Contrast medium will leak into the soft tissues at the site of any break in the catheter wall (Fig. 18) . In such cases the point of extravasation can often be clinically predicted by the patient's clinical symptoms (focal swelling within the subcutaneous tunnel or leak of infusate from the catheter exit site) and the contrast agent dose therefore minimized.
Inability to aspirate from a catheter that otherwise flushes well indicates one of three possible causes of catheter malfunction: the presence of a fibrin sheath, catheter tip thrombus, or position of the catheter tip against a vessel or chamber wall. All three causes create a valve effect at the catheter tip, so that the obstruction is temporarily alleviated by forward pressure during infusion but recurs with negative pressure on attempted aspiration (Fig. 19) .
Gentle contrast medium injection through a catheter that is resting against a vessel or chamber wall will demonstrate rapid but asymmetric or oblique flow of contrast agent away from the catheter tip (Fig. 20) . This appearance should be distinguished from an irregular jet due to tip thrombus (see below). It is vital to identify this problem during an initial slow instillation of contrast medium as a forceful injection may damage the vessel wall.
A fibrin sheath or sleeve thrombus is caused by build-up of fibrin material around the intravascular portion of the catheter. This phenomenon may occur in the majority of catheters, as early as 24 h after catheter insertion [8, 32, 33] . Fibrin sheaths cause malfunction only when the sheath extends around or over the tip of the catheter. A complete sheath prevents any contrast medium from flowing away Fig. 11 Chest radiograph of a 9-month-old infant with a tunnelled CVC in situ. The catheter has migrated back into the redundant soft tissues of the neck and chest wall Fig. 12 Migration of the catheter tip. a Chest radiograph of a 4-yearold male with a portacath in situ. The catheter tip lies in the right internal jugular vein (short arrow). Note that the proximal catheter is also kinked (long arrow). b Chest radiograph of a 2-year-old female with a tunnelled CVC in situ. The catheter tip lies in the left brachiocephalic vein from the catheter tip; instead it tracks retrogradely along the intravascular portion of the catheter, between the catheter and the fibrin sheath, and then spills into the soft tissues at the point of venous access (Fig. 21) . In such cases, the patient will present with symptomatic swelling at the venous access site, usually the neck, during attempted catheter flushes. It is essential to identify initial contrast medium pooling at the catheter tip in the early phase of the injection followed by tracking of contrast medium back along the length of the catheter on later images, so that this is not misinterpreted as extravasation due to catheter fracture. To ensure a correct diagnosis in such cases, sequential images should be acquired or 'grabbed' during a very slow injection. In some cases, the fibrin sheath may be very thin and it is broken or fenestrated during flushing of the catheter. A circumferential but incomplete fibrin sheath will cause narrowing of the contrast jet as it exits the catheter, with delayed fanning out of contrast medium. This is a subtle, but classic, sign of a fibrin sheath (Fig. 22) . The operator must ensure that the contrast agent jet is of a similar diameter to that of the catheter lumen, so that a circumferential thrombus or fibrin sheath causing partial occlusion of the end hole is not missed.
Catheter thrombus is most likely to occur in catheters that are inadequately or infrequently flushed, or that are sited in small vessels with a low volume and rate of blood flow around the tip, as has occurred in the case shown in Fig. 21 . Thrombus within the catheter lumen itself is seen as a filling defect in the catheter during injection (Fig. 23) . Tip thrombus causes irregularity of the jet of contrast medium as it exits the catheter and may deflect the jet away Fig. 13 Fluoroscopic imaging of a tunnelled catheter in a 4-monthold female. The entire catheter is imaged during slow instillation of contrast medium Fig. 14 Normal portacath. a, b Tangential (a) and en face (b) views of a portacath reservoir in a 7-year-old male. Note that in both views there is normal opacification of the reservoir during contrast medium instillation from the long axis of the catheter (Fig. 24) . Thrombus may extend into the vessel itself, which will cause irregular filling of the vessel beyond the catheter tip (Fig. 25) .
Catheter-induced venous thrombosis is influenced by catheter dwell time, the size of the catheter relative to the vessel, the access vein used, infusate type, and the presence of any prior venous interventions or systemic comorbidities in the patient [34] [35] [36] [37] [38] . It is likely to be a relatively common occurrence [39] , although evidence for this in the literature is skewed by variations in the diagnostic techniques and Fig. 15 Fluoroscopic image of contrast medium flowing freely from the catheter tip in an 8-year-old male. The contrast medium immediately fans out to fill the right atrium Fig. 16 Normal appearance of the contrast medium jet exiting the side hole of a PICC Fig. 17 Catheter narrowing. a Image acquired during contrast injection through a double-lumen catheter in a 7-year-old male. The catheter is damaged at the site of previous kinks or catheter clamps (arrows). b Focal narrowing of the opacified lumen of a PICC (arrow) in a 3-year-old male where the skin suture device has been attached to the catheter too tightly pathological definitions used in various studies. Many cases of pericatheter venous thrombosis are asymptomatic and the catheter continues to function, so this complication is likely to be under-reported. Where they occur, symptoms include localized pain and swelling overlying the accessed vein and sudden facial or extremity swelling. It is important that the clinical team rule out septic thrombophlebitis in symptomatic patients. Isolated facial or extremity swelling is, however, strong evidence for acute venous thrombosis [34] . Contrastenhanced catheter studies will demonstrate irregular occlusion of the involved vein (see Fig. 25 ). In well-established cases, drainage may occur only via tortuous collateral vessels. It may be appropriate to perform a venogram of Fig. 18 Extravasation. a Extravasation of contrast medium into the soft tissues at the site of a catheter break. b Contrast medium is seen leaking from a break in the connection between the portacath reservoir and the catheter Fig. 20 Fluoroscopic contrast study of a haemodialysis catheter in a 9-year-old female. The lumen with a more distal tip has been opacified. The catheter is too long and the distal tip lies up against the inferior wall of the right atrium, causing the contrast jet to be deflected Fig. 19 Line drawing demonstrating the effect of a fibrin sheath. a Flushing the catheter displaces the sheath or thrombus from the catheter tip and allows saline to exit the lumen. b Attempted aspiration sucks the sheath back onto the catheter tip, causing withdrawal occlusion the affected vessel via a peripheral cannula rather than the catheter at this stage, to assess drainage of the extremity (Fig. 26) . Some operators may prefer to perform a venogram immediately prior to placement of a new catheter, to allow time for possible recanalization of the vessel or formation of substantial collaterals in the interim period (Fig. 27 ).
Implications for catheter salvage techniques
Diagnostic catheter studies are central to the management of malfunctioning catheters. A detailed discussion of catheter salvage techniques is beyond the remit of this review; a number of the techniques outlined below are dependent on the services of a proactive IR department. Most institutions at least have a ward-based thrombolysis protocol for occluded CVCs and these techniques play a significant role in extending the life of a malfunctioning catheter [10, [40] [41] [42] [43] [44] [45] .
Catheters that are found to be too long can be shortened by a variety of techniques. The simplest involves withdrawal of the intravascular portion of the catheter at the venous access site while the tunnelled portion is left in situ. The catheter is then re-measured and shortened, prior to repuncture of the venous access site and replacement of the intravascular portion of the catheter [46, 47] . If there is sufficient excess length, the catheter can be cut when it is partially withdrawn, and the tip wired to maintain access, avoiding the need for re-puncture. Kinks in the subcutaneous tunnel of a CVC can often be straightened by accessing either the venous access site or the skin exit site of the catheter. Intervention at the venous access site may result in an increase in the intravascular length of the catheter, a result that is beneficial in catheters that have migrated back into the tunnel or the neck.
Catheter tips that have flicked out of position can occasionally be repositioned using one of several techniques. Often a forceful injection of saline through the displaced catheter will encourage the tip to return to its original position, in the direction of flowing blood [10] . Obstinate catheters may respond to placement of a guidewire through the catheter lumen, which stiffens the catheter sufficiently to encourage repositioning of the catheter [10, 48] . An alternative technique involves venous access via a femoral approach, allowing the displaced catheter to be snared and pulled back into the appropriate vessel [10, [49] [50] [51] .
Catheter tip thrombus can be dislodged by inserting a tip deflecting guidewire through the catheter and rotating the wire once it is just beyond the tip of the catheter [9, 10] . Such techniques, although effective, are rarely long lasting.
Fibrin sheath stripping techniques can be attempted in patients in whom replacement of a malfunctioning catheter is undesirable, such as those with a high risk for general anaesthesia or limited alternative access sites. Again, femoral venous access is obtained and the catheter is ensnared using a standard vascular snare device (Fig. 28) . Gentle manipulation of the snare along the length of the catheter is Fig. 22 Fibrin sheaths. a Catheter contrast study in a 5-yearold male. Contrast medium exits the catheter tip in a linear manner, but the contrast jet is significantly narrower than the lumen of the catheter (arrow), implying the presence of a circumferential, nonocclusive fibrin sheath. The effect of the fibrin sheath is shown diagrammatically. b Contrast medium exits the tip of a portacath in an 11-year-old male. The jet fails to fan away from the tip (arrow) of the catheter, instead simply filling the lumen of the sheath. c A similar appearance is seen during a contrast study of a PICC in another patient. An arrow marks the catheter tip. Note the apparent irregular calibre of the catheter itself, a sign that contrast medium is tracking back along the catheter as shown in Fig. 21c performed in an attempt to dislodge and retrieve the fibrin sheath [9, 10, [51] [52] [53] [54] [55] . Symptomatic pulmonary embolism is unlikely, although the procedure is contraindicated in subjects with a right to left shunt or severe cardiopulmonary disease that will not tolerate a pulmonary embolus [32, 55] . Fig. 23 Image acquired during contrast medium injection through one lumen of a double-lumen catheter in a 2-year-old female. There is a filling defect within the catheter (arrow) at the site of a focal intraluminal thrombus Fig. 24 Thrombus. a Fluoroscopic image acquired during a catheter contrast study in a 3-year-old female. The contrast medium jet is deflected away from the long axis of the catheter, implying the presence of partially occlusive thrombus at the catheter tip. The effect of the tip thrombus is shown diagrammatically. b Thrombus is adherent to the tip of the distal lumen of a haemodialysis catheter in a 7-year-old male. Contrast medium exits the lumen eccentrically and outlines the thrombus 
Implications for catheter replacement techniques
The results of catheter contrast medium studies are often valuable in planning catheter replacement. Operators are likely to alter their approach to venous access in the presence of a documented fibrin sheath or venous occlusion. Resiting a catheter into the lumen of a fibrin sheath is highly likely to result in a rapid reestablishment of the sheath and subsequent catheter occlusion. In cases where reaccess of a vessel containing a fibrin sheath is necessary, it is sensible to attempt an US-guided puncture parallel to the fibrin sheath, rather than into it (Fig. 29) . Alternatively, the sheath can be deliberately cannulated so that a guidewire is placed through the sheath followed by a standard angioplasty balloon that, when inflated, encourages break-up of the sheath or incorporation of the sheath into the vessel wall [9, 53] . Documentation of complete venous occlusion is vital prior to replacement of a CVC. This allows a more considered approach to catheter placement and appropriate discussion with the family prior to a difficult procedure. Recanalization and venous stenting techniques or use of unusual access sites should be considered in children who would otherwise require open surgical procedures to maintain reliable venous access.
Conclusion
Reliable central venous access is key to the management of many paediatric conditions. The insertion of central venous access devices is increasingly becoming the remit of the interventional radiologist, a paradigm shift that will require general radiologists to play some role in the subsequent management of these catheters. In institutions where the specific cause of catheter malfunction may alter subsequent management, radiologists need to be familiar with the catheter types used and their imaging appearances, both on plain radiography Fig. 28 The distal portion of a malfunctioning haemodialysis catheter has been snared from a femoral approach in an attempt to strip the fibrin sheath from the catheter and on contrast investigations. Accurate diagnosis of CVC malfunction can significantly alter outcome for patients in whom repeated venous access procedures can often become a source of greater morbidity than their primary condition.
